Using observations at the 21-cm wavelength obtained with the Lovell Telescope we report on the detection of a weak H i emission feature at a velocity +100 km s" 1 LSR and of column density log TV (H i)= 18.5 ± 0.2 towards the star 4 Lac. The feature corresponds in velocity with a high-velocity gas component which we have observed in several UV resonance lines in IUE spectra of this star. The component gas temperature which is derived from radio, optical and UV spectra lies in the range 5000 to 9000 K and the line-of-sight column thickness is estimated to be less than 10 pc. The relationship between this observed feature and the widely distributed High-Velocity Clouds (HVCs) is considered briefly.
INTRODUCTION
In a previous report (Bates, Catney & Keenan 1990 , Paper 1) we presented UV spectra recorded with the International Ultraviolet Explorer (IUE) for the star 4 Lac (HD 212593; B9 la; / = 99?90, b= -6°72) and a comparison star of similar spectral type. These spectra provided an unambiguous detection of a 'high-velocity gas component' along the lineof-sight towards 4 Lac which is at a distance « 1.2 kpc. The high-velocity gas component was detected in the resonance lines of the low-ionization stage ions of Fe n; Mg i, n; O i and A1 n at a velocity shift of about +100 km s _1 from the general low-velocity gas. Gas properties, which were derived from component column densities, element depletions and ionization balance all lie within the range of values reported from UV spectroscopy of old supernova remnants (Phillips & Gondhalekar 1983; Phillips, Gondhalekar & Blades 1981; Howarth & Phillips 1986 , Nichols-Bohlin & Fesen 1986 .
Hydrogen column densities of high-velocity gas components derived from UV spectroscopy are often indirect determinations which are based on measured column densities for species whose depletion factors are reasonably firmly established. Such derived column densities lie typically in the range V(H)=10 18 to 10 19 cm" 2 and they therefore correspond to only a small fraction of the total line-of-sight gas column integrated through the Galaxy in the direction of the background stars. Our own value for the 100 km s" 1 component towards 4 Lac of log TV(H) = 18.8 ± 0.7 was based on the measured O i column density and constant depletion factor derived for O i by Keenan, Hibbert & Dufton (1985) for the interstellar medium within 2 kpc of the Sun.
Recently we have carried out H i observations at the 21-cm wavelength with the Lovell Telescope of a region of sky towards 4 Lac. IRAS maps for this same region reveal considerable structure with compact features of enhanced dust emission occurring close to the directions of the star (Bates, Catney & Keenan 1988) . In these new radio observations we have now directly detected weak H i emission from the + 100-km s" 1 feature. Also, a partial Hi mapping of the region reveals gas components at intermediate velocities between about -20 to +25 km s" 1 whose properties change significantly with position and which, in the direction towards the star, appear to be identified with strong Na D absorption features in the same velocity range we have observed in high-resolution optical spectra. These new data from the radio spectrum provide important additional information on the properties of the gas components and. more generally, on the structure and kinematics of the interstellar gas. We will comment in Section 4 on the relationship between this cloud at +100 km s" 1 and the widely distributed High-Velocity Clouds (HVCs).
OBSERVATIONS AND DATA REDUCTION
The 21-cm H i observations were made with the 76-m Lovell Telescope at Jodrell Bank equipped with cryogenically cooled HEMT receivers, giving a total system noise of 40 K in the zenith. At this wavelength the telescope has a beamwidth (FWHM) of 12 x 12 arcmin 2 . The hydrogen line spectra were observed with the Jodrell Bank autocorrelation spectrometer (ACS) operated as two separate 512-channel spectrometers. The two receivers were fed with independent left-and right-hand circularly polarized bands from the telescope. Observations were made in the frequency-switching mode. The antenna and brightness temperature scales were established by observing flux calibrators (Baars et al 1977) and the standard region S7 (Williams 1973) .
The observations reported here are 5-MHz spectra taken towards 4 Lac (/ = 99?90, b=-6°.12\ HD 212712 (/=100?51, b= -6?02) which is at an angular distance of 0?93 from 4 Lac and a comparison region (/=100?00, b = -16?00) at an angular distance of 9?26. Also 2.5-MHz observations have been made to provide a partial mapping of the region around 4 Lac covering an angular range of I o in both RA and Dec. centred on the star.
All the spectra were reduced in a similar manner using the slap package (Staveley-Smith 1985) ; further analysis was carried out with the dipso STARLINK package (Howarth & Murray 1988) . The two spectra from the different polarization channels were reduced separately before being combined to give the final spectrum. The first step in the reduction was to remove poor channels and fit a low-order (3 or 4) polynomial baseline. Spectra were corrected for the gain-elevation effect and converted to antenna temperature T a at the standard elevation of 40°. A spillover radiation correction in T A units was made to each spectrum (e.g. Kalberla, Mebold & Velden 1980; Malawi 1989) . All the data for each position were combined and converted to brightness temperature T B using the calibration observations. The integration times on the 5-MHz bandwidth spectra (velocity resolution 3.5 km s" ^ were 30 min giving a singlechannel rms of 0.014 K in T B . For the 2.5-MHz bandwidth spectra (velocity resolution 1.8 km s -1 ) the observation time was 10 min and the rms noise was 0.035 K in T B . Velocities are given relative to the Local Standard of Rest (LSR).
RESULTS AND DISCUSSION
3.1 The +100 km s " 1 component towards 4 Lac
The 5.0-MHz spectra taken towards 4 Lac, HD 212712 are shown in Fig. 1 . The H i gas in the direction of 4 Lac emits over the velocity range -170 to +60 km s _1 (with 7 b^0 .05 K). The lower-negative-velocity gas is from the Perseus ( -30 to -70 km s~l) and the Outer ( -95 km s -^ arms while the higher-negative-velocity gas at -150 km s" 1 forms part of weak outlying structure in the Galaxy (e.g. Davies 1972 ). The positive-velocity features can be traced to features were detected with T B > 0.1 K in an extensive selection of spectra observed in this region to be discussed in Section 3.2. Because of its faintness, the + 100-km s _1 feature was observed with both 2.5-and 5.0-MHz band widths to confirm its reality. It should also be noted that it is not an artefact of the correction for spillover radiation, which in these observations falls to 0.1 K at +30 km s -1 and 0.05 K at + 50 km s -1 . The + 100-km s" 1 H i feature in 4 Lac with a peak T B of 0.10 K corresponds to the clearly evident UV absorption feature seen in IUE spectra. This feature is not seen in the adjacent but nearer (220 pc rather than 1.2 kpc for 4 Lac) star HD 212712. A weak gas component at +40 km s _1 is seen, however, in the IUE spectra of HD 212712; the corresponding H i spectrum shows a T B of 0.15 K at this velocity in the positive-velocity wing.
Integration over the Hi + 100-km s" 1 velocity feature yields a gas column density of log N(H) = 18.5 ± 0.2. This is a direct determination and may be compared with the indirect estimate of 18.8 ± 0.7 from the O i column density, discussed in Paper 1. It is clear that the component contains only a small fraction of the total H i gas column towards the star. Estimates for the latter of log N{H) « 20.7 may be obtained from the empirical relationships between N{H) and IRAS 100-jum emission and N(H)-E{B-V\ as discussed by Bates et al. {1988) . In that report we have indicated that the bulk of the line-of-sight gas towards 4 Lac is associated with the dust giving rise to the IR emission, and that the dust itself lies in the foreground to the star. The velocity of this gas and dust can be determined from more extensive H i mapping.
The FWHM of the + 100-km s" 1 component is approximately 23 km s" 1 which corresponds to a value' of ~ 13.6 km s" 1 , where b 2 = 2kTIm + 2 and T= kinetic temperature of the gas (K), F T = turbulent velocity (km s _1 ), Ä: is the Boltzmann constant and m is the atomic mass of H. In Paper 1, we showed that a curve-of-growth analysis for Fe n lines in the UV spectrum yields a b value of 6.5 ± 0.5 km s" ^ Since the profiles are Doppler broadened by the temperature and 'turbulence', a comparison of the H and Fe profile widths can be used to provide an estimate for the gas kinetic temperature. From the above b values we derive a temperature of 8800 ± 1500 K with a turbulent velocity «4.5 km s"
1 . It should be noted, however, that whilst the IUE observations refer to a narrow line-of-sight through the cloud, the H i emission arises within a 0?2 x 0?2 beam. Therefore the larger H i beam is likely to encompass a wider spread of velocities and accordingly the derived temperature of « 8800 K will represent an upper limit.
A further estimate for the gas temperature may be obtained from the column density ratio A(Mg i)/A(Na i) which is a well-known diagnostic for determining the electron temperature for interstellar gas (Pettini et al. 1977) . This ratio may be calculated using appropriate photoionization rates, recombination coefficients, observed depletion factors and solar abundances as discussed by Keenan, Bates & Catney (1986) . The results of new calculations based on the best data for photoionization rates (Keenan 1984) , recombination coefficients (Nussbaumer & Storey 1986), depletion factors Philüps, Pettini & Gondhalekar 1984) and cosmic abundances (Meyer 1985) are shown in Fig. 2 . High-dispersion spectra of the Na D lines towards 4 Lac (Section 3.2) show that the equivalent width of the + 100-km s -1 component is less than the 3-mÀ detection limit, implying log Af(Nai) < 10.5. Combined with the Mgi column density [log Af(Mgi) = 11.7 ±0.1; Paper 1] this implies an electron temperature (7,1) >2700 K from Fig. 2 . Use of the measured Hi column density together with the empirical A(Nai)/A(H) column density ratio relationship determined by Ferlet, Vidal-Madjar & Gry (1985) yields log A(Nai)= 10.2 which, from Fig. 2 , indicates an electron temperature « 5100 K. This provides some further support for the component gas temperature in the range 5000 to 9000 K.
Assuming a value for T e « 9000 K, the electron density (rc e ) which is obtained from the Mgi-n ionization balance ratio is n Q~ 0.08 cm~3. (Table 1 gives the n e -T t dependence calculated using the recombination coefficients of Nussbaumer & Storey 1986; these results for n Q are slightly greater than those presented in Paper 1 for T e > 6000 K.) A minimum value for the gas density is obtained by considering the gas to be fully ionized (which is the most likely possibility for T e «9000K), so that « 0.87rc e = 0.08 cm" 3 , and hence the line-of-sight column thickness is < 10 pc. Further evidence for parsec-scale structures comes from the variation of the intermediate-velocity H i profiles with sky position as discussed below. Fig. 3 shows a high-dispersion spectrum ( « 1.1 À mm -1 ) of the Na Z) lines recorded towards 4 Lac using the QUB echelle spectrograph (QUBES) on the Jacobus Kapteyn Telescope. Two components are evident in both lines at the velocities -18 and +12 km s" 1 relative to the zero-velocity gas, and they have approximately the same strength, log A(Na i) = 11.7 ± 0.1, which is obtained by profile fitting with an instrumental profile of width «2.0 km s" 1 . As stated above, the + 100-km s' 1 high-velocity gas feature which is observed in UV resonance lines and in H i emission, is not detected in Nai, which places an upper limit of log A(Na i) < 10.5 for this component (Section 3.1 ).
Na i and H i gas components at intermediate velocities
Examples of H i profiles of 2.5-MHz bandwidth which have been made to provide a partial mapping extending over an angular range of I o at 0?1 intervals in both RA and Dec. centred on 4 Lac, are shown in Fig. 4 . Of most interest here are the features of lower intensity which occur at intermediate velocities (velocities between about -20 to + 25 km s -^ in the wings of the more intense, zero-velocity gas. The gas at velocity ^ -30 km s _1 is not relevant to this discussion since it lies in the Perseus arm at a distance « 5 kpc in this direction. These observations reveal significant variations on an angular scale « 0?1 in both the intermediate-velocity gas components and in the peak of the emission profile near zero velocity. For example, the clearly resolved component at velocity « +24 km s" 1 at a declination offset from the star of -0?4 has a column density log N(H) « 20.0 and a FWHM of some 12 km s" 1 . Moving along the declination direction towards and beyond the star, the component is observed to decrease in velocity and to blend with the low-velocity gas. It is difficult to derive an accurate H i column density for the + 12 km s~1 component, detected in the Na D line spectrum directly towards 4 Lac, because of this profile blending. However, by fitting a profile based initially on the strength and width of the resolved component at + 24 km s" S a satisfactory fit to the observed H i profile towards the star is obtained with a component column density log N(U i) « 20.0 and b value « 7 km s" 1 . The derived column density ratio log [N{Na i)/N(H i)]~ -8.3 is in good agreement with the observations reported for diffuse interstellar clouds by Ferlet et al. (1985) and Albert (1983) . An estimate for the component gas temperature may be obtained as discussed earlier by combining the H i 6 value with that obtained from the Na i data for which 6 « 4 km s" ^ This yields a temperature « 2200 K which is significantly lower than that derived for the + 100-km s -1 high-velocity component. The intermediate-velocity gas components are not observed in the QUBES high-dispersion spectrum of the K i (A7699 Â) line shown in Fig. 3 . This is as expected since, as Hobbs (1976) has shown, the interstellar Ki and Nai column densities are linearly proportional, with a column density ratio A(Na i)/N(K i) « 60. Our observed Na i column density for the components implies log N(K i) * 10.0 which corresponds to an equivalent width less than the 3-mÁ detection limit in this spectrum. For the zero-velocity gas, however, W A « 68 mÀ which yields log N(K i) = 11.7. From the N(K i)-N(H i) relationship of Hobbs (1976) we therefore deduce that log Af(Hi)« 21.0. This result is consistent with the values which are derived from IRAS 100-//m emission and E{B -K)-A^(H i) empirical relationships (Section 3.1).
As stated, the most significant changes in H i profiles with position are in the velocity of the intermediate-velocity component near + 20 km s~1 and in the detailed structure of the gas near zero velocity. These profile changes are observed at the angular step intervals employed of about 0?1. It is not possible to state with certainty that there is an H i component in the direction of the star 4 Lac which corresponds uniquely with the + 12-km s~1 component clearly detected in the Na D lines. However, the evidence from H i profiles given in Fig.  4 , which shows a resolved component decreasing in velocity on moving towards the star, and the derived A(Na i)/A(H i) ratio discussed above does suggest the possibility of a correspondence in the H i and Na i features. If this is indeed the case, then the H i intermediate-velocity gas would lie in the foreground gas towards the star which is at a distance « 1.2 kpc. Therefore, the spatial structure of the observed variations for gas at a distance « 1 kpc would be on a scale < 2 pc and would be considerably less if the gas is at a much closer distance along the line-of-sight. (Note that we have reported on a +40-km s -1 gas component detected towards HD 212712 at a distance « 220 pc which is at angular distance of 0?93 from 4 Lac; The profile variations which are observed in the gas near zero velocity also occur on a spatial scale < 2 pc. Evidence from our recent 1.2 5-MHz observations suggests that the narrow reversal which is detected in some of the profiles shown in Fig. 4 arises from cool foreground gas observed against more distant warm background gas. Integrating over the H i low-velocity gas profile yields an approximate column density of N(H i)= 1.2 x 10 21 cm" 2 . Evidence from optical spectroscopy, IRAS and E(B-V) data is consistent with the notion that the bulk of this low-velocity H i gas lies in the foreground to this star which is at a distance « 140 pc from the galactic plane. In addition to this low-velocity gas, the line-of-sight contains the gas forming the positive and negative intermediate-velocity components [MH i) ~ 10 19 to 10 20 cm" 2 ] and the high-velocity gas of lower column density and of thickness < 10 pc. Although our H i mapping of this region is only partially completed, preliminary results suggest that the structure of the low-velocity gas appears to be generally consistent with the dust distribution as observed in 60-and 100-^m 7AE4S maps. We shall examine the relationship between the H i and IRAS maps in a separate paper.
CONCLUSIONS
The principal new result from this study is the detection of a weak, H i emission feature at a velocity of +100 km s" 1 towards the star 4 Lac. This corresponds in velocity with the high-velocity gas component which we have detected in UV resonance lines of low-ionization ions in spectra recorded with the IUE. The H i detection yields a more accurate and direct determination for the gas column density of log A(H)= 18.5 ±0.2 which is consistent with the UV spectral observations in combination with the currently accepted value of the oxygen depletion factor. From the derived gas temperature and electron density, a lower limit to the gas density is obtained which shows that the line-of-sight component thickness is small and certainly < 10 pc.
By virtue of its high velocity, the + 100-km s" 1 feature is classified as an HVC (e.g. Davies 1974; Wakker 1990) . It is one of the few HVCs for which a distance can be derived; indeed doubts have been expressed about all other distance claims for HVCs (Wakker 1990) . The distance of the + 100 km s" 1 cloud is less than 1.2 kpc, the estimated distance of 4 Lac which shows strong UV absorption lines at +100 km s"
1 . The cloud is most likely at a distance greater than 220 pc, the distance of the adjacent star HD 212712 which has no UV absorption features at this velocity.
The + 100-km s" 1 cloud lies at ^140 pc from the galactic plane and therefore lies within the main spiral arm structure. Such clouds are extremely rare; the spectra in Fig. 1 and those presented for example by Davies (1972) show that 'forbidden' positive velocities in this direction may extend to + 60 or +70 km s" 1 only. Acceleration of gas to a velocity of (at least) 100 km s" 1 within the disc gas layer presents an interesting astrophysical problem. The currently favoured 'fountain' model for HVCs (e.g. Bregman 1980) can generate velocities up to 200 km s" 1 in gas that lies well beyond the galactic disc. We will return to a further discussion of these matters in a later publication following an extensive H i mapping programme of this area of the sky.
H i gas components detected at intermediate velocities may have counterparts in Na i although they are too weak to be detected in K i in our spectra. The temperature derived for these components, if they correspond to the same volume of gas, appears to be lower than that of the high-velocity gas but the Na i/H i column density ratio is typical of that reported for diffuse interstellar gas. Significant H i profile variations with position are observed with an angular sampling scale of 0?1 in the region of sky near 4 Lac; these occur both in the intermediate-velocity gas and in the gas near zero velocity. The spatial scale of the observed changes in profile corresponds to « 2 pc if, as we suggest, the gas lies in the foreground to the star. A more detailed H i mapping of the region is needed in order to study the relationship between the H i gas distribution and the dust emission observed with IRAS. Also, further mapping may provide a better indication of the spatial extent of the high-velocity gas.
Firmer estimates of the electron and hydrogen densities in the high-velocity component could be obtained from measurements of absorption lines from the fine-structure orbital levels in C n (1335 Â) and Sin (1264 Á). These would allow n e and n u to be estimated from the calculations of Keenan e/ ö/. ( 1985 Keenan e/ ö/. ( ,1986 , and furthermore would permit the degree of ionization in the gas to be investigated using the njn u ratio. Unfortunately, currently available IUE spectra of 4 Lac are not sufficiently exposed for such an analysis to be performed. We estimate that in order to achieve optimum DN levels ( « 205) in the stellar absorption line cores, where the interstellar components appear, exposure times of « 6 and « 9 hr for the C 11 and Si 11 regions, respectively, are required.
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